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FOREWORD 


This  report  describes  a full  scale  magazine  test  conducted  at  the  Nava!  Weapons  Cente,  in 
September  1975.  The  test  work  was  conducted  for  the  Department  of  Defense  Explosives  Safety 
Board  (DDESB)  using  funds  provided  by  that  organization.  The  work  was  identified  by  Army 
Program  Element  Number  6. 57.02. A and  Project  and  Task  Area  Number  4A765702M857. 

Based  on  data  derived  tro.n  the  test,  DDESB  has  made  significant  gains  in  information  relating 
to  hazards  criteria. 

This  report  has  been  reviewed  for  technical  accuracy  by  DDESB  staff  members  Mr.  Russel  G. 
Perkins  and  Dr.  Thomas  A Zaker.  Mr.  Perkins  and  Dr.  Zaker  also  played  major  roles  in  the  design  of 
the  test 

Captain  Peter  F.  Klein,  USN,  Chairman  of  DDESB,  provided  technical,  administrative,  and 
policy  guidance  during  the  preparation,  execution,  and  reporting  of  the  test. 
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' J n an  instrumented  test  in  September  1975  at  the  Naval  Weapons 
Center,  approximately  37,000  pounds  (16  783  kilograms)  of  trinitrotoluene 
(TNT)  explosive  contained  in  a hemisphere  built  of  8-pound  (3.6-kilogram) 
blocks  were  detonated  by  means  of  an  initiation  system  located  at  the 
center  of  the  base  of  the  hemisphere.  The  rrincipal  objective  was  to 
demonstrate  the  resistance  of  a newly  des.gtied  headwall  arid  door 
combination  to  blast  simulating  that  possible  at  the  minimum  front-to-rear 
spacing  now  permitted  for  standard  earlh-covercd  magazines.  The  test 
demonstrated  this  headwall  and  door  design  to  be  well  balanced  and 
completely  effective  in  preventing  communication  of  explosion  between 
magazines  in  a front-to-rear  exposure  at  a distance  in  feet  of  2.0  X w+M,.. 
where  W is  the  weight  in  pounds  of  the  high  explosive  that  detonates. 

Additionally,  the  results  confirmed  the  ability  of  the  single-leaf, 
sliding  door  to  maintain  its  structural  integrity  whether  mounted  on  a new 
structure  or  on  an  existing  headwall.  The  results  also  demonstrated  an 
imbalance  in  strength  between  this  dooi  and  the  existing  headwalls  built 
according  to  OCE  standard  drawing  33-15-64.  The  report  contains  data  on 
igloo  damage  and  structural  motion  and  air-blast  measurements  at  the  site. 
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INTRODUCTION 


At  the  request  of  the  Department  of  Defense  Explosives  Safety  Board  (DDHSB).  the  Naval 
Weapons  Center  (NWC)  in  September  1975  conducted  at  the  Randsburg  Wash  Test  Range  a 
large-scale  explosives  hazards  test  kr own  as  ESKIMO  IV.  (ESKIMO  is  an  acronym  for  Explosive 
Safety  Knowledge  IMprovement  Operation.)  This  was  the  fourth  in  a series  of  full-scale  tests  of 
earth-covered  magazines  sponsored  hv  the  DDESB.  The  main  purpose  of  this  test  was  to  evaluate  a 
new  lieadwall  and  door  combination  by  exposing  it  to  explosive  blast  loading  simulating  that  from 
detonation  of  the  contents  of  another  magazine  filled  with  mass-detonating  explosives  at  the 
minimum  front-to-rear  spacing  now  permitted  by  standards.  This  design  had  not  been  tested  under 
these  conditions. 

ESKIMO  I.  the  first  test,  was  conducted  in  December  1971  to  determine  a safe,  practicable 
minimum  separation  distance  for  face-011  exposures  of  U.S.  Army  standard  steel-arch  magazines.1 
Explosion  communication  occurred  to  an  acceptor  igloo  of  this  design  at  a distance  in  feet  equal  to 
1.25  X W'/T  in  which  W is  the  weight  in  pounds  of  the  high  explosive  in  storage,  but  failed  to 
occur  at  a distance  of  2.0  X W*  ^ to  the  rear  of  the  donor.  Further,  the  lest  revealed  that  safety 
and  economy  might  he  increased  through  improved  design  for  closer  balance  in  strength  between  the 
doors  and  lieadwall  of  the  magazine.  (A  minimum  separation  distance  in  feet  equal  to  1.25  X W1 '3 
in  customary  units  is  equal  to  approximately  0.5  in  metric  units,  in  which  the  separation  distance  is 
in  meters  and  W i.s  m kilograms.) 

ESKIMO  II  was  conducted  in  May  107.5  to  appraise  magazine  door  and  lieadwall  designs.-  A 
large,  single-lea!  sliding  (loot  withstood  the  blast  with  minor  distortion,  although  the  accompanying 
headwalls  sustained  severe  damage.  A .Stradley  type  lieadwall,  on  the  other  hand,  inclined  only  minor 
damage.  In  addition,  the  noncircular  (oval)  steel  arch  tested  with  the  Stradley  lieadwall  withstood  the 
blast  without  breakup  01  severe  disloitiou. 

ESKIMO  III  was  conducted  in  June  1974  to  further  extend  the  study  of  explosive-storage 
magazines,  using  information  deiived  from  ESKIMO  I and  II.  A further  test  of  the  oval  arch  and 
Stradley-lype  lieadwall.  ESKIMO  III  used  structures  remaining  from  ESKIMO  II.  rebuilt  as  necessary, 
as  well  as  new  construction  Igloo  It,  the  oval-arch  magazine  tested  in  ESKIMO  li,  was  fitted  with  a 
newly  designed  Stradley-lype  lieadwall  with  a single-leaf,  sliding  door.  ESKIMO  (I  had  proven  that 
(he  Stradley-lype  lieadwall  could  withstand  a face-on  impulse  ol  l.750  psi-ms  (12  066  kl’a-tns)  and 
tiiat  the  steel  oval-arch  igloo  could  withstand  tire  face-on  impulses  generated  by  that  charge.  ESKIMO 
III  tested  the  ability  of  the  new  lieadwall  to  withstand  the  side-on  blast  imposed  by  the  explosion  of 
an  adjacent  magazine. 
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GENERAL  DESCRIPTION 


ESKIMO  IV  continued  the  study  of  explosive-storage  magazines,  using  information  from  the 
prior  tests  in  the  ESKIMO  series.  The  door  and  headwull  combination  used  on  tl’.e  oval-arch  magazine 
was  again  tested  in  ESKIMO  IV  but  with  face-on  blast  loading  as  compared  with  the  side-on  loading 
experienced  with  ESKIMO  III.  The  door  that  had  fallen  off  its  supports  in  ESKIMO  111  was  rehung 
in  position.  ESKIMO  IV  provided  the  initial  lest  of  the  combination  of  a newly  designed  headwall 
and  single-piece,  sliding  door  under  face-oil  loading.  ESKIMO  IV  also  included  a rebuilt  standard 
headwall  and  doors  (OCE  standard  drawing  33-15-64)  as  a control  structure,  arid  a single-piece,  sliding 
door,  remaining  front  ESKIMO  111,  in  combination  with  a rebuilt  standard  headwall. 

This  report  discusses  ESKIMO  IV,  its  objectives,  procedures,  and  results,  and  the  conclusions 
drawn  from  these  results. 


TEST  OBJECTIVES 


The  primary  objective  was  to  demonstrate  the  resistance  of  a newly  designed  headwall  and 
door  combination  to  blast  simulating  that  possible  at  the  minimum  front-to-rear  spacing  now 
permitted  for  the  semicircular  and  other  standard  earth-covered  magazines.  Olhet  objectives  were 

1.  Test  of  single-leaf,  sliding  door  installed  on  a standard  headwall  (Igloo  E)  at  a level  of  blast 
loading  equal  to  that  experienced  by  the  newly  designed  headwall  and  door  combination  described 
above. 

2.  Acquisition  of  data  on  response  of  standard  headwall  and  standard  double-leaf,  hinged  door 
lo  blast  loading  from  a hemispherical  charge  of  INI',  the  blast  characteristics  of  which  are  well 
kno^n. 


TEST  LAYOUT 


TEST  ARRAY 


fhe  ESKIMO  IV  test  army  consisted  of  three  magazine  st  rue  lutes  each  facing  the  explosion 
source  147  feet  (45  meters)  distant  as  shown  in  figure  I flic  oust  ruction  of  the  various  acceptor 
igloos  is  described  in  fable  I.  and  steel  arch  construction  is  illusti  u ; u l igiuc  Door  construction 
for  each  igloo  is  uesciihed  in  fable  2.  and  door  types  are  illustiatc  u I ue  3. 

The  primary  target  structure  was  the  northeast  magazine  (Igloo  IS),  consisting  of  a single-leaf, 
sliding  dooi  spanning  a 10  foot  (3-meler)  hori/onial  opening  and  mounted  on  a modification  of  the 
headwall  o'  a standaid  Stradley  magazine,  ‘lie  headwall  and  dooi  combination  was  designed  lor  the 
ESKIMO  soiDs  by  Black  A Vcatcli  under  the  supervision  ot  the  Oltice,  Chief  o!  Engine-eis  fhe 
combination  was  built  ptioi  to  ESKIMO  III  (a  test  ot  the  nniiriivulai  null  undei  laleia!  explosive 
loading)  and  \va-  only  slightly  damaged  m ilia!  test 
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The  front  of  the  east  magazine  (Igloo  D)  was  rebuilt  as  before  with  the  headwall  and  tlie 
two  leaf,  lunged,  steel-plate  dooi  of  the  standard  circular  steel-arch  magazine.  Exposed  to  the  same 
level  of  loading  as  the  primary,  it  served  as  a control  structure  to  demonstrate  directly  the  relative 
strength  of  the  primary  target. 

The  west  magazine  (Igloo  T)  was  also  rebuilt  with  the  headwall  of  the  standard  eireulai 
steel-arch  magazine,  hut  fitted  with  a single-leaf,  sliding  door  remaining  from  ESKIMO  111  and  only 
slightly  damaged  in  that  test.  This  combination  was  tested  inconclusively  in  ESKIMO  II,  but  the 
response  to  overload  in  that  test  indicated  a serious  imbalance  in  strength,  between  the  door  and  the 
headwall.  In  a related  (front-to-side)  exposure  in  ESKIMO  111,  instrument  records  gave  no  direct 
measure  of  impulse  load,  and  the  light  damage  observed  suggested  a possiLle  undertest  in  that  case 
due  to  shielding  by  other  structures. 

The  ESKIMO  IV7  test  utilized  a nearly  ideal  explosion  source  to  generate  blast  loading.  It 
afforded  the  opportunity  for  more  extensive  source  diagnostics  and  dynamic  response  measurements 
on  the  target  structures  than  did  previous  tests  of  the  ESKIMO  series.  As  in  ESKIMO  III,  token 
explosive  charges  were  not  used  as  indicators  of  explosion  communication;  instead,  more  detailed 
response  measurements  and  damage  observations  were  substituted  for  this  purpose. 


EXPLOSION  SOURCE 

The  donor  charge  consisted  of  approximately  37,900  pounds  (16  783  kilograms)  of  TNT 
explosive  contained  in  a hemisphere  built  of  8-pound  (3.6-kilograrn)  blocks  that  were  detonated  by 
means  of  an  initiation  system  located  at  the  center  of  the  base  of  the  hemisphere.  To  ensure  that 
the  proper  number  of  TNT  blocks  were  placed  in  the  stack  to  provide  a total  closely  approximating 
37.000  pounds  (16  783  kilograms),  the  individual  bioeks  in  six  randomly  selected  boxes  were 
weighed  Each  box  contained  eight  TNT  blocks.  Of  the  48  blocks  weighed,  the  lightest  was  7.71 
pounds  (3.467  kilograms)  and  the  heaviest  was  8, S3  pounds  (3.864  kilograms).  The  average  TNT 
weight  per  block  was  8.034  pounds  (3.643  kilograms).  All  values  represent  net  1'N'I  weight,  the 
weight  of  the  paper  being  deducted 

The  explosive  stacking  plan  called  for  4,03.5  icciangulai  blocks  of  INT  hour  blocks  at  the 
center  of  the  base  ol  the  hemisphere  were  replaced  with  a boostei  of  plastic  explosive  C-4.  I Inis,  a 
lota!  of  4,63!  blocks  ol  INI'  weie  stacked  m the  shape  of  a solid,  stable  hemisphere  in  accordance 
with  the  pattern  piovided  bv  DOI-SB  and  as  illustrated  by  Figures  4,  5,  6,  and  7.  Demolition  blocks 
V1034  weie  furnished  by  the  sponsor  from  U.S.  Army  sources  at  l.etterkenny  Army  Depot, 
('hambersimrg.  I’a. 

An  explosive  detonatoi  and  hoostci  system  was  piovided  to  ensure  sate,  tellable  initiation  ai 
file  center  o!  the  cliaige.  ! lie  donoi  stack  was  pumed  with  ( 4 boostei  imbedded  with  torn 
I’timacord  leads  with  percussion  caps  (liguie  8) 

1 he  soma  size  was  such  as  to  duplicate  the  Itee-lield  peak  piessute  and  impulse  ohseived  al  a 
sealed  distance  ol  3.0  ft /lb1  to  the  teat  o|  (lie  donoi  magazine  in  ESKIMO  ill,  which  contained 
/50-noun  I (340  kilogram)  bombs  tilled  with  a total  o!  <50,000  pounds  (158  75  7 ktlogiams)  ol 
liilonal  I lie  pieviouslv  ohseived  values  ol  peak  piessute  and  impulse  were  in  the  lauges  of  50  to  55 
psi  ( <44  to  <74  kilopascals)  and  550  to  tilHI  psi-ms  (3/40  to  41  <7  kl’a-ms),  respectively  it  can  be 
shown  dial  these  levels  would  be  pioduecd  by  a <7.000  pound  (In  /S.t-kimgiain)  INI  heunsphcic 
centeied  14/  leei  (45  meleis)  away,  a position  coinciding  with  the  centei  ol  the  explosion  soinee  in 
ISKIMO  II  ! Ins  ■.  nuieideiice  pemnlled  the  economical  iciise  of  assets  remaining  bom  ESKIMO  111 
hu  aniliol  and  i ■. >ii ipa i ison  puiposes  in  suppnit  ol  the  ; 1 1 n.i i s ob|eclivc  ol  t lie  pioposed  test. 
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INSTRUMENTATION 


Blast 


On  each  target  maga/ine  headwall,  pressure  gauges  were  mounted  flush  with  t lie  surface  at 
positions  shown  in  Figures  l>  and  10.  Necessary  signal  processing  and  recording  equipment  was 
provided. 

Three  air-pressure  gauges  were  provided  in  tiie  unobstructed  sector  of  the  igloo  complex.  Two 
gauges  were  set  atop  the  earth  lili  of  Igloo  B (Figure  11). 

Tout  earth- pressure  gauges  were  installed  in  one  concrete  thrust  beam  of  Igloo  13  (Figure  II). 
These  consisted  of  load  cells  measuring  the  force  impinging  on  a circular  steel  plate  I -inch  thick  and 
K inches  in  diameter. 

Ballistic  Research  Laboratories  (URL)  self-recording  gauges  for  pressure  measurement  in  three 
directions  in  the  fat  field,  as  shown  in  Figure  12.  were  installed. 

Table  .3  shows  blast  gauge  instrumentation  with  anticipated  overpressures. 


Structure  Response 

Linear  displacement  transducers  and  single -ax is  accelerometeis  foi  measurement  of  dynamic 
structure  response  time  histories  were  installed  at  local  ions  on  the  target  headwalls  shown  in  figures 
1.3  and  14.  fable  4 lists  the  accelerometer  locations  and  the  anticipated  accelerations. 

l*t ior  to  the  test,  survey  monuments  and  benchmarks  were  used  to  define  reference  planes  and 
to  obtain  initial  headwall  and  floor  positions  Im  pennaiienl  deformation  measurements  afterward. 


Photography 

Motion  pictuie  cove i age  ol  the  Inch. ill  was  provided  as  deseiihed  in  fable  5 to  detect 
anomalies  should  an\  oeeiii  in  the  directions  ol  the  id, ml  vmge  lines. 


I bring, 


Inning  \>  .i  . pimided  on  iccoids  o!  neat  li.-ld  an  picssuie  gauges,  can  h pressure  gmges. 
ae>  cleiomcteis.  Imeai  - 1 not  ion  liandoects  and  sliain  gauges  so  ili.it  the  evems  e.-eonled  wcie 
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Zero  | ime  Indicator 

/eio  time  oi  tune  ol  del  i mat  ton  o|  the  explosive  hemisphere  was  .letei  mined  ip-  Iwo 
1 1 1 1 1 1 / a I him  pmb.es  that  wen-  pi.;,  ed  m the  iloum  slash  to  ..anemic  a /cm  tune  pidsc 
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TEST  RESULTS 


GENERAL 

The  data  recorded  lay  t he  BRL  gauges  arc  summarized  in  Table  6 and  are  plotted  in  Figures 
15  through  20. 

A summary  of  electronic-blast  and  air-pressure  gauge  data  is  given  in  Table  7.  Data  plots  for 
the  blast  gauges  are  shown  in  Figures  21  through  24. 

Table  8 lists  accelerometer  data  recorded  on  the  headwal!  in  Igloo  B only.  The  data  are 
plotted  in  Figures  25  and  26. 

Earth-pressure  gauge  data  are  given  in  Table  4 and  are  plotted  in  Figure  27. 

l.inear-moiion  data  recorded  along  various  parts  of  the  igloos  are  listed  in  Table  ID  and 
displayed  in  Figures  28  through  30. 

Tite  overpressures  horn  records  ol  blast  gauges  placed  at  ground  level  that  are  presented  in 
Figures  15  through  24  ate  compared  with  a standard  curve  for  hemispherical  stacks  of  TNT  in  Figure 
31.  The  generally  close  agreement  of  overpressure  values  from  this  test  with  standard  values  shows 
that  complete  or  near-complete  detonation  of  the  explosive  stack  was  achieved  The  comparison  of  all 
gauges  at  comparable  positions  and  distances  from  the  centei  of  the  explosive  source  shows  blast 
symmetry. 

Figure  32  is  an  aerial  view  showing  post-test  conditions  including  the  crater  east  ol  the 
explosive  stack  and  daikening  ot  the  ground  surface  neat  the  site  of  the  explosion  No  explanation  is 
ottered  for  (he  nonsyimnei rival  distribution  ol  the  daikvned  area.  Figure  32  also  shows  several  ponds 
ol  water,  the  most  notable  being  dnecib  east  of  the  ciater. 

observed  structural  response. 

Igloo  It  (Northeast) 

1 he  headwall  inclined  minm  damage  am!  expenenced  some  peimanent  movc-mem . most  ol 
which  was  aiound  and  above  the  dooi  opening  ( lacking  ami  spalling  ol  vonvictc  was  nunoi  and 
i represented  no  lineal  to  usual  magazine  stoiage  I he  ih.»u  was  peimanent l\  delonned  In  die  Idas! 
but  lemamed  sl.tiulni);  at  the  dnm  opening  I lie  deioiinalioii  was  gie.iiest  neai  the  boitom  when-  the 
bow  at  I he  • i‘ii  lc  i appms  limited  I’  lln  In's  (ill)  iniilililetcis)  as  measined  limn  a 1 1 a I »■,!  1 1 line 

connecting  edges  and  at  a position  midw.it  between  the  hoii/onlaUt  spanning  mleiioi  wide 

llange  slimtiii.il  menlbeis  I iguies  ''  ihiough  W aie  post  test  views  ot  Igloo  |i  ligme  III  imlnale- 
headwall  im.neim.iil  ami  I igum  41  shoves  post  teM  statu  nieasuieineiils  on  tin  ilooi  ol  Igloo  |i 


Igloo  I)  (Fasti 

tins  igloo  was  .med  as  a lontiol  stnivime.  I le.ldvv  alis  and  do. a-  ot  ilm,  i\pe  have  been  used  in 
ail  I SKIMO  lesis  am!  piovnle  one  means  ol  ..  nnip.u imh i lioni  lest  m !■-  I I lie  lor  o|  Igloo  |i 
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failed  in  a fashion  pieviously  experienced  wish  this  design  by  moving  through  the  doorway  opening 
and  into  the  maga/me  interior.  The  door  hinges  on  the  right  and  left  sides  were  sheared  oil. 

Concrete  cracking  and  spalling  and  permanent  headwall  deformation  were  greater  than  that  of 
Igloo  B hut  considerably  less  than  that  of  Igloo  I.. 

Figures  42  through  44  show  post-test  damage,  and  1 igure  45  depicts  headwall  movement  in 
Igloo  D. 


Igloo  E (West) 

As  in  prior  tests  combining  the  single-leaf,  horizontally  spanning,  sliding  door  with  the  standard 
reinforeed  concrete  headwall  (per  OCE  standard  drawing  53-15-64),  results  showed  an  imbalance  in 
strength  between  the  door  and  the  wall-  The  door  retained  its  basic  integrity  despite  deformation, 
but  the  headwall  suffered  substantial  damage.  In  effect,  the  door  intercepted  the  blast  load  and 
transmitted  it  to  the  headwall.  I lie  early  failure  of  doors  on  the  east  igloo  (Igloo  D(  resulted  in 
relatively  less  door  load  being  transmitted  to  the  headwalls  ol  this  structure. 

Damage  to  Igloo  I is  shown  in  Figures  46  through  50.  Figure  51  shows  headwall  movement 
in  Igloo  F. 


CONCLUSIONS 

The  blast  p.odticed  In  the  douoi  stack  ol  explm-ives  was  essentialls  as  po'dieled  and  ptopeils 
simulated  cond'tions  at  a scaled  distance  ol  .’.It  li  |l>  1 ’ to  (lie  ic.n  ol  the  donoi  inaga/ine  in 

ESKIMO  111.  which  com. lined  'AO. pound  ( 540  I. ilogi  am ) homl's  Idled  a total  ol  CO. 000  pounds 

( I Ns  / 57  kilogiams)  ol  lntonal 

Sliuctiiral  [espouse  ol  the  headwall  and  ilo.u  c. u iihmai ion  used  on  the  iioitheasl  igloo  (Igloo 
111  was  well  within  acceptable  limits,  and  this  , oiuhui.iliou  is  eoiisuleied  adequate  to  pioteel  all 
magazine  slou's  against  piopag.n  ion  ol  explosion  uii.lei  the  coiuh'ions  amulaled  and  blast  ettects 

piodueed  in  tlu'  lest  I lie  iespoi.se  ot  the  east  .anil,'  u’loo  (liloo  1>1  was  esseiuiaiK  as  expected 

with  door  Inline  ciealiug  a ha/. ml  to  nnne  soi.itiii'  l\pes  ol  explosive  slo.es  lh.it  could  piove 

iin.ii . eptahle  I i . . g 1 1 1 e 1 1 1 ehuolies  based  "ii  posiliuii,  dial. n Id.  hne.n  iinitinii  lust i niiieiit.it ion.  and 

i oiiip.iri  .on  with  pnoi  tests  wde  indged  leeepI.iMe 

I he  i "Spouse  ol  the  west  magazine  t Igloo  1 ! showed  sigmll.  .ml  d.nn.ii'e  to  (he  i einloieed 
lOtniele  headwall  and  maikial  imh.il.niei  in  si  length  between  l he  one  pie.  e Ion  i/mi  I 1 1 \ spanning 
dooi  and  the  lomiete  In  dual!  No  lined  alteuip!  was  made  to  nie.isuie  eoiniele  liagmeul  veloeilies 
Based  on  wall  veiodlies  ir.  otile.l  l.\  lineal  motion  1 1 an  .dm  ei  , ami  the  nosiiion  and  ehai.nter  ot 
liag.inenis  loinnl  ni  .nle  ihe  niai'a/ine  il  is  , mcadeied  that  1 1 .ignieii!  \elndlies  pioihned  toils  a 
iiiainiii.il  ll.i/aid  lo  xenali  ■ t \ J >,  . ol  lai.tleiials  and  no  -agin  i n alii  lia'anl  lo  luaov  ivpes  . .1  sloies 
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Cross  Sections  of  Suvl  Arch  ( onstriution  lor  Igloos  ol  l SKIMO 
n.3<*5  meter,  i 


TABL£  2 Door  Construction. 

Dooi  height  ami  width  in  each  case  was  10  feet  (3  05 
meters) 


Igloo 

■ 

Dour  type 

Door  drawing 

B 

Single  leaf,  slioing 

Black  & Veatch  unnumbered 
dwq..  2b  Oct  19/2 

U 

Double  leaf,  hinged 

OCE  std  dwg  33  15  64 

F 

Single  leaf,  sliding 

i — — --  - 

Black  & Veatch  unnumbered 
dwg  , 25  Oct  197? 

1.1. 
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• PRESSURE  GAUGE 

FIGURE  9.  Placement  of  Pressure  Gauges  on  Headwail  of  Igloo  B in  ESKIMO  IV.  (!  foot  = 0.305  meter 
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TABLE  3.  Schedule  of  Gauges  for  Measurement  of  Air  Blast. 


Piezoelectric  or  Strain-Gauge  Type 


Distance 
from  center  of 
explosive  donor 


Estimated  peak 
overpressure 


Calibrate 
to  overpressure 


Mounted  on  igloo  headwalls  . . . 
Ground  level,  northwest  of  donor 

In  earth  fill  over  Igloo  B 


Radial  distance 
from  donor 


BRL  Self-Recording  Gauges 


Estimated  maximum  Capsule 

peak  overpressure  rating 


! Number  of  gauges 

NW  leg 

W leg 

S leg  j 

102 

10.0 

134 

13.5 

183 

18.0 

250 

25.0 

33b 

33.0 

4b7 

45.0 

psi 

kPa 

psi 

kPa 

17.0 

117 

172 

10.0 

69 

103 

5.5 

38 

15 

103 

3.6 

25 

5 

34 

2.3 

16 

5 

34 

1.5 

10 

5 

34 

1.0 

L-— Z_  . 

1 

l 

250-ft  (/6m)  position  is  on  southwest  leq  in  lieu  of  south. 


TABLE  4.  Schedule  of  Accelerometers. 


Position 

Estimated 
max.  acceleration, 
9 

Accelerometer 
rating,  g 

Door  

630 

1,000 

Headwall,  away  from  door  . . 

150 

300 

Head  wall,  near  door  

200 

300 

TABLES.  Camera  Schedules. 


Position 

Approximate 

distance 

Camera 

Coverage 

Frames 

per 

identification 

second 

ft 

m 

ft 

m 

South  or  west  

1,500 

457 

35  mm 

General  site  area, 
donor  and  igloos 

400 

122 

120 

South  

1,500 

457 

16  mm 

General  site  area, 

400 

122 

1.000 

donor  and  igloos 

South  

1,500 

457 

16  mm 

Donor  and  Igloos 

160 

49 

4,000 

B and  D 

West  (in  insti  umentation 

barricade)  

9 SO 

290 

16  mm 

Center  on  igloos 

400 

122 

4,000 

On  hill  west  southwest 

of  ground  zero  

1 .500 

457 

16  rnm 

View  of  donor 

400 

177 

400 

i 

: 

and  Igloos 
ti  and  D 

1 
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TABLE  6.  Summary  of  BRL  Gauge  Data. 


Distance 

Maximum 

overpressure 

Impulse 

Duration, 

ft 

m 

psi 

kPa 

psi-ms 

kPa.ms 

ms 

250 

76 

18  0521 

124.46 

332.78 

2294.44 

78.15 

250 

76 

15.2425 

105.09 

238.09 

1641.57 

57  87 

334 

102 

9.4982 

65  49 

78.08 

538.34 

22.45 

440 

134 

8.0820 

55.72 

223.76 

1542.77 

105.56 

600 

183 

3.7224 

25.67 

141.00 

972.16 

101.08 

83b 

255 

2.4129 

16.64 

123  43 

851.02 

132.19 

1 . 1 00 

335 

1 6272 

11.22 

91.99 

634.25 

137.21 

1.500 

457 

1 1300 

7.79 

a 

a 

250 

76 

1 / 6296 

121.55 

315.39 

2174,55 

55.93 

250 

76 

16.7588 

1 15.55 

2b8. 1 5 

1848.83 

49.31 

334 

1 03 

10.1020 

69  6b 

254  19 

1 752.68 

99.75 

440 

134 

6.4869 

44  73 

145.97 

1006.43 

67.34 

600 

183 

3 8944 

26  85 

156.81 

1081 .1  / 

116.59 

835 

255 

2.2409 

15.45 

109.57 

756.46 

1 1 7.64 

1.100 

336 

1 /614 

12.14 

69  18 

4 76.98 

99.33 

1,600 

4b/ 

1 8289 

1 7 6 1 

/; 

fi 

250 

/6 

18  /O  i 6 

128.98 

250 

.'6 

18  1589 

125.20 

433  29 

2987.43 

74.13 

334 

102 

1 1 6340 

80.21 

238.19 

1 64  23 

70.19 

440 

1 34 

5.8732 

40.4b 

187.91 

1295  59 

85  5/ 

600 

183 

3 5/35 

74  64 

14/. 04 

1013.81 

98.08 

830 

7bb 

2*3171 

1b  94 

1 1b.  17 

/93  / 7 

1 18  76 

1 . 1 00 

33b 

1 .939? 

U)  (51 

91  37 

629  63  j 

13  1 97 

1.800 

4b/ 

1 9708 

10  49 

109  7 9 

725.88 

149  fib 

ilt*  difi.i . sot;  t 1 1 jti 1 1*  1 o 
»le  stfr  f itjtj to  1 H. 


* ** 


TABLE  7.  Summary  of  Electronic  Blast  and  Air  Pressure  Gauge  Data. 


Position 

identification 

Distance 

Maximum 

overpressure 

Impulse 

Duration, 

ft 

m 

psi 

kPa 

psi-ms 

kPa*ms 

ms 

P-1-8 

147 

45 

202.4528 

1395.86 

1082.14 

7461.09 

22.94 

P-2-B 

147 

45 

215.1632 

1483.49 

1157.51 

7980.75 

13.33 

P-3  R 

147 

45 

235.5903 

1624  33 

1055.18 

7275.20 

12.10 

P-4-8 

147 

45 

a 

c# 

a 

a 

P-5-8 

147 

45 

176.9481 

1220.01 

978.66 

6747.62 

17.95 

P-6-B 

147 

45 

290.5473 

2003.25 

1191.65 

8216.13 

14.32 

P-7-B 

147 

45 

241.3210 

1663.84 

948. 4S 

6539.53 

12.41 

P-8-8 

147 

45 

208.6601 

1438.66 

992.72 

6844.56 

13.44 

P-1  -D 

147 

45 

213.6456 

1473.03 

10  75.20 

7413.24 

17.78 

P2-C 

147 

45 

229.5419 

1582.63 

1056.28 

7282.79 

16.12 

P-2-D 

147 

45 

276.44  15 

1905.99 

858.56^ 

5919.56 

8.6 1^1 

P-2-E 

147 

45 

273.5294 

1885.91 

1444.30 

9962.23 

15.48 

P-3-E 

147 

45 

241.9643 

1668.28 

1045,13 

7205.91 

15.56 

P-134 

134 

41 

87.9491 

606.38 

616.43 

4250.13 

42.94 

P-147 

147 

45 

64.1722 

442.45 

475.07 

3275.49 

25.90 

P-167 

167 

51 

43.2850 

298.43 

432.41 

2981.36 

34.22 

F-RS-8 

187 

E.  7 

33.4 

230.28 

416.0 

2868.22 

37.8 

P-TC-B 

187 

37.2 

256.48 

410.3 
— 

2828.92 

34.7 

NOTE:  P-1-B  th»  ; 1 P-8-B:  on  wall  of  Igloo  B. 

P 1 -D  through  P-3  D:  on  wall  of  Igloo  D. 

P-2-E  and  P-3  E:  on  wall  of  Igloo  E. 

P-134,  P-14‘7,  and  P 167:  at  ground  level  at  134,  147,  and  167  feet, 
respectively,  northwest  of  donor  center. 

E-RS-B  and  F TC-B:  air-pressure  gauges  in  earth  fill  in  Igloo  B. 
li  Poor  record. 

b Based  on  incomplete  tract*.  Extrapolation  to  zero  overpressure  would  result 
in  higher  values. 
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HGURI  21.  Data  Pints  for  1 lectronic  Blast  Gauges  P 1 -B  l'h  rough  P-4-B  Located  on  Head  wall 
of  Igloo  B.  niie  metric  equivalents  for  these  plotted  data  are  given  in  Table  7.) 
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TABLE  8.  Summary  of  Accelerometer  Data,  Igloo  B. 


Position 

identification 

Time  of 
maximum 
acceleration, 
ms3 

Maximum 
acceleration,  g 

Time  of 
maximum 
velocity , 
msa 

Maximum 

velocity^ 

ft/sec 

m/s 

A-01-Bc 

A-02-8 

2.5 

395 

8.5 

23.6 

7.2 

A-03B 

3.1 

151 

8.0 

18.2 

5.5 

A-04-8 

1.7 

213 

5.5 

15.1 

4.6 

A05-B 

0.4 

241 

5.3 

15.9 

4.8 

A-C6-G 

3.3 

206 

10.3 

23.0 

7.0 

A-07-B 

2.5 

238 

9.6 

21.8 

6.6 

A-08-B 

2.8 

140 

10.0 

20.1 

6.1 

A-09-B 

0.6 

214 

10.0 

16.6 

5.1 

A-10-B 

1.9 

224 

10.3 

13.3 

4.1 

A-11-B 

0.3 

197 

2.8 

7.0 

2.1 

A-12-B 

1.5 

142 

411  -J 

9.1 

2.8 

a Elapsed  lime  from  first  indication  of  accelerometer  motion  to 
event  described 

^ Velocity  was  derived  from  an  algebraic  summation  of  positive  and 
negative,  accelerations  multiplied  by  the  time  values  to  the  indicatjd  time 
of  maximum  velocity  in  ms. 

c Record  showed  many  oscillations  including  three  plus  peaks  and 
two  minus  valleys  of  more  than  800  g and  with  durations  from  0.8  to  2.0 
ms  in  the  first  10  ms.  Record  not  plotted  in  F igui  e 25 


ACCELERATION 


UNDS  ON  8-IN. -DIAMETER  PLATE 


NWC  TP  rxJ/3 


TABLE  9.  Summary  of  Earth-Pressure  Gauge  Data. 


Distance  from  center  of  donor  in  each  case  was  1 87 
feet  (57  meters). 


Position 

identification 

Maximum 
1 overpressure 

Impulse 

Duration, 

ms 

psi 

kPa 

psi-ms 

kPa.rns 

E- 1-8 

0.86 

5.93 

a | 

1 

a 

1 

F-2-B 

,18 

1.24 

a 

a 

F-3-8 

.36 

2.48 

1.53 

10.6 

9.21 

F-4-B 

0.21 

1.45 

0.72 

4.9 

a See  Tijuirc  27 
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TABLE  10.  Summary  of  Linear  Motion 


Gauge  Data. 


Position 

identification 

Time, 

ms3 

Maximum 

distance 

Maximum 

velocity 

in. 

m m 

ft/sec 

m/s 

LIB 

21  65 

3.01 

76.5 

17.5 

5.3 

L-2-B 

18.23 

3.22 

81.8 

18.3 

5.6 

L 3-B 

18.22 

2.81 

71  4 

17.8 

5.4 

L-4B1' 

L 5 B 

28.78 

3 64 

92.5 

19.9 

6.1 

L-6  B 

18.72 

3.13 

80.0 

17.8 

5.4 

L 7 B 

17.38 

3 29 

83.6 

24  0 

7.3 

L-8-B 

2b. b 1 

4.09 

103.9 

24  8 

’.6 

L-9-8 

13,48 

1 .85 

47  0 

16.7 

4.9 

L 10 

12  72 

4,83 

122.7 

36.3 

11.1 

1 2-0 

13.24 

4.68 

1 18  9 

37.3 

1 1 .4 

1 3-D 

8 56 

2.83‘ 

/I  .!) 

39  i‘ 

1 1 9 

1 1 L 

10.67 

4. M3 

! 22.7 

1b. 9 

1 2 L 

15.83 

4 64 

1 1 /.<) 

40  4 

i 2 . 3 

i 3 l 

13.36 

4.r>8 

1 IB. 9 

36.8  j 

11 .2 

NO  F f l I H through  l O H on  IttMtJw.i!!  of  Igloo  b. 

I 1 D th.uugh  L 3 D on  htMtjwall  of  Igloo  P 

L 1 L through  l 3 I on  he.tdw.ill  of  Igloo  t. 


,f  ? not*  h«»m  miti.il  im>vtfint»ni  lo  nuxmmm 
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